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^ ^#-g- #^1 ^*Rr ^l^, #71 71^0] 

^7flS £^£|5L4f=- #71 ^#-§- 7)%o\) ^#*Rr #31 *h # 

71 ^#-8" 7l^ *>^ofl eflol^l- 2A}sH #71 7l^O.S.^-Ei #71 ^Sj-^f- 

^£1* ^-Sl^ #7)1# 3L^-*Rr 7m ^12:^* ^tb^. 

^^1 7l# ^S^ofl ^5^, A^Kg. 7 i^- efl 

SAl- #7jl ^ofl a o V 7 ) 7l^-ol «-^-£li=^. ^^^H ^E-l^f-^Ml, 2 

%At 3.^* ^sj-^H GaN 71^* ^ ^r^-. 

£ 2 
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^Sj-^ 71^:^ ^la^ {METHOD OF PRODUCING A GALLIUM NITRIDE 

SINGLECRYSTAL SUBSTRATE} 

£l£ eflol^ bi^. o]^*> A>n)-ol^7l^ GaN Ha* -g-e}*Rr ^ 

5L2a 2dfe tg-^Sl ^^Al^Bflofl 4a GaN z}- ^ 

JE3a ^ 3b^=r GaN 7^ *1 2^}^ * ^a]^ 

21: A>5}-ol(>| 71^- 

25: GaN ^HCSE^r GaN ^3 ^l^r) 
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^ofl tcj-el-, #^tfl<*HH tii-SL^l ^^7> ^cf. oje] 

*V ^ 7>^*V ShE*ll ^3.3*1^ ^3«»(GaN) 

7l^ol A>^-^cf. £s\-g^ 3.39eV°im^ iffl^^-i: 7\t] H-sL , % 

^M^Itt °1^ 7l^r ^Hl MOCVDCMetal Organic Chemical 

Vapor Deposition)^, HVPECHydride Vapor Phase Epitaxy)^ ^Sl 7}^ 
MBECMolecular Beam Epitaxy)^ °1 7l^^S^ ^3. 

s)-°H( a-Al 2 0 3 ) 71 SiC 7l^o] A>-g-slji oirf. s-*l , A^ol^ 

#4 ^ ^^31 T^oH, SiC7l^l WlSfl 7^§}jL Jl^oflA^ o]-^s:>7l nfl^ ^ S 
^°1 ^>-g-^4. 

nsm, a^oi^^ ^^sl- 13% cq 37}^ ^>7> ^fl^, 1^ 31^ 

y S V ^U, °]3. ^ ^7> ^ ^ 3^^1 ^ §-^171- ^Cf. ol 

sitr ^ ^ 3^ -H^^l ^^f D -[ ^H^Tll *Vji, ^s^-g^ ^Hl ^ls^ 
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> nJ-sH, GaN ^Hl ^ a] (homo-epitaxy H ^sfl ^s^-g^^- 

-g-ofl, Si7l^ : ol 1 4 GaAs7l^r ^a^H a>^-s]^ *fl2:€ ^ £4. 

°1# ^*fl, w>5f ^-ol GaN ^#«J-^5, AV^olol SiC 

5. ^€ ^^-§- 71^ #ofl MOCVD^, MBE^ Sfe sr>ol = e}ol= 7 ]# °]sfl £\ 

^ 7}%o_S. a>-§-^ GaN ^ ^1 A y o V ^ °1 ^}-§-^t=K 1-<H , ^H^-SM^ 

€*Hr tat ^ sm. 

^S^f^ S^o] 7 >^1- o^Tfl ^ ^ 7 \ Mj-^t}.. 
°\$\ ^ £-^-§: 7fl^}7l 3}*1H, ne| iHfl^( freestanding) ^^-^ 7l#ol 

-a.-T-^cf. = 3 ^s^-g- 7}^, l*m<LS.±: *}3\-o]o] 7 }$- ^d\) Ga N 

^Ht ^^l^lJi, A}^o]o] 7l^r# GaN ^HS-^ ^SKr ^ 

«- ^-g-^ 7l7jl^ 7>^-2f s}-^ ^Z}-^ ^O] ^ ojcf. 
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<15> 71^1^ 7}^^ ^-fofl^, GaN #3HH ^-^H y}^) 

7l7il^ 7>-§^j ^S]^ ^Jofl, A}s\.o)o] 71^ ^^7> ^ ^flo^ 

Em*} ^ $X*\. ^-fofl^r, fe^ 

<ie> ^H^i, ^e^, HVPE^l A>s(-ol^ 7l^r ^Hl ^S^f- ^3.1- ^ 

$ ^, 4^^^^ 3H*1« ^}-§-*H A>5(-ol^ 71^ ^3.^- ^-S] 

<17> *V^m, 7>^*I WIS] £A}o)l oj^j. A]-S}-ol<>|7l3& ^ A}^^ 

7l^lA^ 3.^^ &<>1 ^-g-7}^^l^>, tiVjE^l -S-^Sl^r ^ 2«1^1(2" 

)o]^ AVo]^^ ^-g-eRr ^-^Itt, H^ol ^Ajsl^ ^-^7]- >£^cK 

<18> ^M}^} ^d^*}^, ilofl w><2}- ^o], ^#-g- A>iE)-ol<^7]^: SiC 7] 

^ ^ ^^-S- 7l^;(ll)ofl 511 °1 ^ Oj^r 24*}^ ^Ofl, ^o|7l ^ ^A>^^( 

^M*l^r ^ lOmm^Omm^S^H ^d^}<*|, ^#-§- 71^(11)^1 ^--f^o.^. 2:A>£l^ 

A] ^5) 0>^-*>^ tiJ-Al ^^JE.^., ^7>^-^^-4 <i^%>^l^°fl ^ 

£r ^.q- >a^*>7H #^4. GaN ^3(15)i S^M ^*>JL ^ 
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7 fl^l 4^ &^s\o] ^ GaN H=L(15)7> 2?H t£ , 

3 ^#-8- 7l# ^-e]w 0 ^oj] ^fl ^^^l GaN ^H(15)fe 7l^o.SA-l «.^^>cf. 



<19> n]-2H, # 7l^£-°HHfe, ^^-.g. #ofl QaN ItH^: 

GaN 137} ^#£}*1 &5U=. #7l ^#§- 7]^ ^ GaN 7l 



°1^7> ^ 7l#^ 

<20> 41-71 ^ ^Efl 7l^^1 «M^>7l 5JO Si ^ SL^o. ^sJ-^HI- 

^^-8- 71^; #6fl HH# ^^*V #71 >g#-g- 71^-ofl 

sR> #1^ ^3^1 a*!* ^ <&±r 7}# ^12:^* 
^ ^ 3"8-l 

<21> #7} 7)^2\ ^*>7l fl«fl, £r **3£r, 

<22> zJ3^#(GaN) ^#-8- ^ofl ^s}-^:# *Ht ^*Hr # 

<23> #7l ^#-g- 7m Ol 4^ 7 ||S ^-E^S^ #71 ^#-g- 7l^ofl ^ ^ ^o. ^ ^ 

■1: ^*Rr #7«, 
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^7} ^#-8- tf-T&cQ $]o}^ 2:A>§><^ ^y] A^-g. 7l^O.S.-^-Ei #7l ^ 



^ 3HH£r, ^7} GaN ^3.^ MOCVDCMetal Organic 

Chemical Vapor Deposition)^, HVPECHydride Vapor Phase Epitaxy)^ -g-^1 7)<# 

MBE(Molecular Beam Epitaxy)^ .2.3. ^^1^ *r &-2-^ , GaN 
7l^o.S.^ *}Sr°W 71* SiC 71 Aj-g-^- ^ oirf. 

HrfM*r7flfe f -8-71 £H* ^*Kr Aj-71 ^#-g- 71 

^MIS. ^51 gp^fe ^-7111- ^7>3 ^A]^H, I 1 S^^S] 



Stb, -^71 A^-g. 71^ Jf^o] ^ig-ofl o^^B ^ S ^#51^1 &5=^r, 3 

°]5L lOnmSLS. <5>-^ ^o] 4^*1-4. Aj. 7l ^^-g. 71^ ^o} ^o. ^ 

^-71 JH#^ Efl °1 *1* A>34olol 71^-g; A1^>^C-11 A>-g-^ ^ -SjL ofl , ^ Jl#^ 

3H*131 4^ 350nmc»l*>7> ta}fj-:s|*>cf. 
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M-o>7>, #7] 7]&*) ^ofl eflol^l- ^A>^ c^Tfl^ ^-71 ^ #-g- 

*M ^sfl A>-g-£]^ 3H*i^ 350nmol*><tl h}5J-*| 



^"71 ^#-§- ^S)-^ ^3.9 ^-^*>7) 3H*iSfe, ArF, KrF, 

XeCl ^ Nd : YAG ^ ^u^H a}-§-^ ^ ojcf. 

A oM ^#-g- 71^ §>^ofl ^H^S. SA>^ ^TTflSf, #7l Aj 7 ]^4 Aj- 7 j 

# ^3 3^2. 40°CS 7><I^ cfTjl^ ^ & tf. 



4^ *H=K 



<33> o]^, i£^^ t£^H ^-i- ^^^>7l^ ^t}. 



<34> £2a 2d^r o^^^^Hflofl T43 cj^a^ 71^ ^IS^-i- 
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<35> -f^H, £2a^ ^o], ^s^-g- ^#_g. 7^(21) ^Hl ^s^f- 

(25)* ^^1^14. Aj- 7 j ^#-g- 71^(21)^.^.^ A>a4o]<>| 7lt 

SiC 7]^ol A>-g-^ ^ ojcf. ^-71 ^JSj-zM- ^3(25)^ MOCVDOfetal Organic 

Chemical Vapor Deposition)^, HVPE(Hydr ide Vapor Phase Epitaxy)^ -f-^ 7}s& 
^ MBE (Molecular Beam Epitaxy)^ ^-B-^H 7l^S. a}-^ ^ oj^ 
£ ^ 50^m)l- £2.-^ ^^mcf. 



<36> o] nflofl, ^s^f- ^^-g- 7l^r(21)^ ^s^^ ^a(25)^ 3*Fr- 

I^Ml^M *}o) 7 } ^7fl*Vr4. ofl^ i-ol ( 7l#(21)°l SiC 7l^<y 

3.4%^ z^H^^r 25%^ <I^7jl^r ^H7> ^fl^, ^r^H 7l^<y ^-fofl 
^, 3*}-^^-*)- ^M^M ^>ol7> ^ 13%, -34%^. ^fl*}^, S.2a$) ^^IS. it 
X\Q ^o], o]^^^ ^-g-^o] ^ 014 ^4* ^r&I^^^Ai ^S|-z}-§-, 

3^ ^3(25)^11 ole^ -g-^AS 9in 3.^*8°] ^^ixr 5L2bSf 

^#-8- 7l^h(21)^ 5flE^^-^* ^?mSLsL ^^W. 
<37> £2bl- #2^r^ , ^-g- 7l^r(21')^r ^3.(25)^1 K^o] 

5^ #(26)°1 1^£H 4^H3- ^-^H 0^4. ul-^^Tjl^, ^(26)^ 
Ajofl s$%$. 71^(21')^ sflEi^^^^ eflol7-]# oi^>^ Aj^^ ^ o^tq-. 

^#-8- 71^(21' )# <^tr ^r* ^ ^ °1^H ^K^flii. 37)--^^ 

<38> Jf4- ^o\)*], ^S) 71^(21')* £-Bl*Rr ^*<HH ^J^-g- # 

£3 H=L(25H ^^51^ ^ &t}. ol ^o-ofl, ^.g. o^-g # 
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^^A]7l^ ^(26)^ ^-(d)£r 3M*1 ^ 3.7}°\) 4 

^ ^S] 3-§-€ ^ iSa-2-M-, 3^ 10/mi^ ^ ^o] a>^-3]§>c|-. # 7 1 #(26) °1 

lOim&m- ^ 7}%&\ J f*(25' )* <£*83N ^*fl ^ 

9> o] u%6\] Aj-g-s]^ Jl#^ ^Stt Nd:YAG eflo]^ ^ A>-g-§> ^ 

^o]o1 3flE^5>^ ^-*MItt 10 J/crf - 20 J/crf *$5)7} 

^ 20 J/cufi^ €• ^^MItt 3H*1 ^z]-^£7> *1 Tfl fe]- ^Js^-g- Ha. 



°H, £2c^ ^Ml S1«H ^-g- 71^(21') SfMSofl 3flol^» 

^^-g- 71^(21' ^iM^i ^^f- ^3(25)# £-5]*Rr ^-g- ^r*J^. °1 

^ ^ 350nm°l*}3 3fe «>^*H, ArF, KrF, XeCl ^ Nd : YAG 31 

°H ^ *>M"& -5d^*H *>-§-^ *r 5(14 . A o v 7l ajM*) £A}^^f ^>7l ^-g- 71^ 
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<41> ^tb, ^^i^r 3H*1 ^mn}^ 7}<£&7\)3. o}^.o]^ ^ olr]-. 3. o^jofl 

-f-id ^^-8- 71^(21 ') Z}#°\] 350nmol^> 4#ir £fe elH*ll- ^J-^-jl 

S.^ >8#-g- 7l^r(21')4 ^ ^a(25) £L^^g-# ^-g-^ 

^°1 ^:#(Ga)^ £MK 2 )3- ^n*}?!^. 
<42> 2GaN ^2Ga(s) + N 2 (g) T 

<43> ^-g-o.^., #71 7l^JJf #71 ^^-f- ^<H£. 40°CS. 7><I*> 

<*J, ^1°J ^f-i: -g-8-^1^ ^#-8- 7l^M #71 ^s^f- |3S^El 



*M &*)l7> sa^M-, S2b^l 7m ^e^^H si^fl ^ 

^#-8- 71^34 sHSl ^^°1 ^ #^3. ^S)<H, 4 



5E*h ^Al<§-Eflofl^fe #7l ##-g- 7l^«.B] ^Sj-^-g- ^£L 

(25)3 l^ofl cH^fl efl^*|-JZ §-£)^*Rr <id^3^-5. ^ m + ^ 5L2dl- # 

2^, 2fl^^4 1-sl^^-^^.S. zl k\#o) Tjig^el^ 7l^(25')^l 

S^l^H Sa4. £2b^l ##-g- 7m BflEl^^ # ^*Rr 

^3-3 *V^°1 £#€ t , £ ^SH^fe oi&|tb ^#€ ^fg-S: 
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7]*}JL ^#-8- 7}&o] z\)7]Q ^aS^4 ^ Efl^^ol, ^S^oi 

<46> ^ ^6)| UH& 71 ^ *flS^£r, ^#-g- 71 #41 

^ |3t ^#*Rr ^^-§- 7] #^1 l^tt 3flE^ ^ *}°H ^7>^ ^-g- 

7]^ 3=^5. ^Al7l7l ^l^^" ^7>^- ^ &4. ^^-8- 7l#^ ^3. A>2}-ol 

<H 71 #4 SiC 71 #4 £ol ^ £7 > e l-^olJE.^., olE^ ^4^* **fl ^1^ ^11- 
jsflEi^^^ ^ 7 >Al^ ^ ^4. 

<47> £3a ^ 3b^ GaN 4^ 7l# 3R> sfl °1 7^4^* 4H*Hr 

^^£014. ^rg^ 44 go), 7l#(31)AS.^-Ei ^2)-^:# 4^ ^3. 

(35)1- ^H^M ^*fl t)]o)x\ 2Af^^ ^*Kr 4 s $14-. °lSl^ 

elH^ ^ *<H£r 5L3a4 E3b4l £44 44 Qo] t\-°£Z}7\] ^€ $14. 

<48> £3a4 E3b^l -^#-8- 7l#(31)4 ^s^-f- 4^ ^3(35)^ E2b4 ^#-g- 7l# 

4^.4 ^#-8- ?14* ^ElAl7l^ ^-(d)£ 4^4 ^3. ^4 

S]4, ZJ. 7l#Sl £-^4 «-« (31 )^ ^ifJ-^-g- ^ ^BflS ^H^H ^4. eflol 
7i 2:44^0^ 4^5}^ ^fl^S.* S4^4. 
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<49> £3a^- &°}, A ^^-B- 7l#(31)-i- AA*\7\ efloj^ ja^^a qsl 

°1 ^l-^H Ml -¥-3. ^fl^Rr ^ # ^€ ^ 

<5i> ^#fV ^HtgEfl * s.^o. w >^*> ^1^3^ oflA]^ Ir^H, ^ 
jSLB|.] 
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1] 

^sJ-^M-CGaN) ^#-g- ^ofl ^gs^f- igal- ^^Rr ^ 

31; 

^#-g- 7l^ol 4^7flS. #7} ^Kg. S.^- 

« ^*Rr #31; ^, 

A oM ##-g- 7]^ S}^6\) efloj^l- 2A}tH ##-g- 7)^^B\ ^7} ^ 

-iHf M^fe £f^b ^5|-^:# 71^; ^li« 0 >^ . 

2] 

^•71 GaN HHtt, 

M0CVD(Metal Organic Chemical Vapor Deposition) 1 ^, HVPE(Hydr ide Vapor Phase 
Epitaxy)^ SE^ MBE(Molecular Beam Epitaxy) 1 ^ ^ 4^-5. ^2)- 

3] 

#71 GaN ##-8- 7}^ A>s)-ol^7l^: SiC 71^*1 ^ ^-^3 AS ^ 

^3^# 7^ *fls^. 

WW 4] 
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#7} ^3^# *^ ^*Rr icb^l ^7} ^#-8- 7l^oi 3=*,} 

[^T 1 * 5] 
[^t 1 * 6] 

^71 ^#-g- 71*<H1 i^Sl ^ ^^Hr #31*r, eflol7^# o] 

[^T 1 * 7] 

-S-71 JL#^ ^ 350nniol^>^l 53 # ^^AS ^Jj-g-g- 7l* 

8] 

^71 ^#-g- 7l*Sl *}^1 sflol^» ^7ll^ ( 

^"71 ^^--g- 71*^1 ^-g; ^fl^*>^ 2A}s}^ *}^r ^3^# 

71* XI 2:^. 
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^■7) ^s\-^ ^at ^-5]*>7l ^«fl A>^^ eflo]^^ j^Kg. ^ 350^01 

10] 

ArF, KrF, XeCl Nd : YAG elM^i ^ ^140] ^-g- J^JLS. ^ 
11] 

^"71 ^#-§- 7)^ X5}^1 eflo]^ # £A}5}^ ^7^1 Sf, ^"71 ^#-g- 71 ^ #7} 
^s^f- 131 40°CS 7><l*Rr ^rTjlS. ol-f-o^ ^ o. S^jO £ ^ 

12] 

71 ^n^k% m3-^°\) « ^/^si^m 3 i^Kr ^ ^ 

is}^ ^3^# 71^: ^12^. 
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